In view of continuing economic stagnation and consequent budgetary constraints facing the state, Hawaii public libraries have been concerned with their operational efficiency and library managers have been seeking better methods in allocating limited resources among the libraries. This paper employed data envelopment analysis (DEA) technique to assess the performance and resource utilization efficiency of 47 public libraries in Hawaii. Three output measures-circulation, reader visits, and reference transactions and four input categories+ ollection, library staff, days open, and nonpersonal expenditures were used in the analysis. For fiscal year 1996/97, the estimated technical efficiency scores for Hawaii State public library branches ranged from 0.45 to 1.00, with an average of 0.84. The results showed that 14 of the 47 libraries are technically efficient. The estimated efficiency scores were related to relevant library-specific factors and community characteristics, such as total floor space, size of collection, population density, and location to identify factors influencing library performance. Only floor space and volume of collection did show moderate positive effects on library performance. The resulting information can be mainly useful in improving the performance of inefficient libraries. With special consideration to factors uncontrollable by the libraries the results may also be useful in allocating limited resources among them.
Public libraries in Hawaii have long been concerned with improved performance in terms of the quality of services they provide and efficiency in using limited resources they obtain from the state government. At the same time, the state library agency and legislatures have also been concerned with library accountability and performance in allocating limited resources to the libraries. The current tight economic conditions facing the state have further heightened the importance of these concerns. As the previous methods of assessing the performance of public libraries in Hawaii are found to be inadequate, the state library system has been constantly seeking better methods for deriving meaningful performance measures for public libraries.
A variety of approaches have been used in evaluating library performance.
Traditional approaches have been largely concerned with the inKhem R. Sharmaand PingSunLemrgare respectivelyassistantreseacher/professor aadprofessor of agricultural andresourceeconomics intheDepartment ofBiosysterns Engineering attheUniversity ofHawtiL at Manoa. Lynn Zane is a retired research statistician in the Management Information Branch of the Hawaii State Public Library System. The authors are thankful to an anonymous reviewer for providing helpful comments to improve the article, put base, including the size of staff, volume of collection, operating budget, and so forth (Chen 1997) . As noted by Shaughnessy (1993) , to own more books, have more staff, and have a larger budget than other libraries was often interpreted as being better. Following the shrinkage of library budgets in recent years, various output measures, such as circulation, the number of users, and reference transactions have been used to assess the performance of public libraries (Van House et al. 1987) . In other words, libraries are expected to provide the best possible services given fixed and limited resources. These multiple measures are believed to represent a more complete picture of performance as opposed to a single measure reflecting only one aspect of library activity (Van House, Weil, and McClure 1990) . However, multiple measures pose a problem in comparing performance across a cross-section of peer libraries because a library might be doing well in some areas and poorly in others. This problem is partly solved by converting multiple measures to a single measure based on arbitrary weights assigned to different measures as previously suggested for the Hawaii State Public Library System (HSPLS). Assigning uniform weights to all libraries may not be appro-priate since each library may have different priorities of services depending on the community needs and the amount of resources it receives. Furthermore, output measures with no regard to the amounts of inputs (volume of collection, library staff, nonpersomd expenditures, etc.) can provide a misleading picture of library performance because the library's performance can be constrained by the availability of resources. Shaughnessy (1993) also points out that utilizing output measures may overlook the input costs and quality of services. These measures are mostly quantitative in nature and accounting for users' perceptions pertaining to the quality of services continues to be the greatest challenge for measuring library performance. Furthermore, there are factors uncontrollable by the libraries such as differences in the demographics of the population served which may have a significant impact on their performance.
In this paper, we argue that data envelopment analysis (DEA) is an appropriate model for assessing the performance of public and nonprofit institutions, including public and university libraries that provide multiple services or outputs to the communities. The most notable feature of DEA is that it is able to generate a single output/input measure to characterize performance (efficiency) of a firm or a decision-making unit (DMU) under multiple-output and multiple-input situations (Charnes, Cooper, and Rhodes 1978) , DEA has been widely used in assessing the performance of public sectors utilities as well as various nonprofit institutions (schools, prisons, and so forth). However, except for Chen (1997) and Easun ( 1994) , the application of DEA to measure library performance is limited in the literature. Since DEA can handle qualitative outputs and generate a single output/input performance measure using multiple outputs and multiple inputs, we believe that this technique is superior to previous approaches used in evaluating library performance.
The main objective of this paper is to assess the performance of 47 HSPLS libraries in terms of their technical and scale efficiencies using DEA. This technique not only estimates the current level of performance for each library relative to the most efficient libraries in the state, but it also computes the efficient input and output levels for the inefficient libraries in terms of a linear combination of input and output levels of the efficient libraries. This information can provide valuable insight into the possibilities for augmenting outputs (services) andlor reducing inputs in order for an inefficient library to improve its performance. Furthermore, the information will also be useful for the state library agency in justifying requests for additional library budgets, allocating available resources, tracking the performance of each branch library, and designing new libraries. The effects of various library-specific and community-specific factors on library performance are also investigated.
The Hawaii State Public Library System
The Hawaii State Public Library System (HSPLS) is unique among public library systems in the United States in that it is the only public library system in the country that is administered and funded as a single integrated system by the state government. Private schools and institutes of higher education operate and fund their own libraries.
The HSPLS is directly administered by the state librarian, a position appointed and directed by the State Board of Education. The library system consists of this central administration and 49 public libraries located on the six major islands of the state, including the main state library, the library for the blind and physically handicapped (LBPH), and 12 combined public and school libraries. These combined public and school libraries are operated and staffed by both HSPLS and public school (Department of Education) staffs, A new library is being constructed and a second one is in the design phase, Library patrons may use, borrow from and return books and other material to any library throughout the state.
Resource Availability and Allocation
Hawaii's mainly tourism-based economy has been in a recession since 1992. As a result, beginning fiscal year 1993/1994 state government agencies including the HSPLS have suffered large budget cuts, resulting in personnel layoffs, hiring freezes, and cutbacks in public service programs. The HSPLS operating budget and personnel have decreased in almost every year since FY 1993/94. For example, general fund appropriations and FTE employees have decreased by 23910and 18%, respectively between FY 1992/93 and FY 1997/98.1 Under these circumstances the HSPLS has been seeking better methods of allocating increasingly scarce resources among the 49 public libraries to accomplish its mission.
Allocating personnel and library materials among the libraries has been of some concern to library managers for a number of years. Since 1987 the library system has allocated staff among the libraries mainly as a function of their circulation. A "staffing standard model" was developed to determine the number of professional and technical staffs required for each library according to 22 levels of circulation. Since then attempts have been made to determine staff levels by using weighted measures of circulation, reference questions, and number of users. However, these weighted measures have never been put into practice.2 Staffingcirculation guidelines continue to be the principal guide to library staffing. To meet declining budgets the HSPLS is now operating with 512 authorized positions, more than 100 fewer than in FY 1992/ 93. Despite this decline the HSPLS has maintained or increased its hours of operation and has not had to close any libraries. Allocation of library materials, including books, periodicals, and audiovisual items is based on each library's share of total system circulation with adjustments made in consideration of special needs and requirements of each library.3 The HSPLS administration would ideally wish to allocate library materials to libraries as a function of additional output variables such as reference questions and user counts. Because of its ability to handle multiple outputs and inputs, DEA can provide useful information to allocate resources, especially staff and library materials, thereby enhancing the operational effectiveness of the HSPLS in fulfilling its mission.
DEA Model
Since detailed descriptions of DEA can be readily found elsewhere in the literature, only a general description of this technique and the relevant DEA model used to assess library performance are presented here. DEA is a production frontier approach to efficiency measurement first suggested by Farrell (1957) and later formalized into linear programming (LP) techniques by Seitz (1970 Seitz ( , 1971 and Charnes, Cooper, and Rhodes (1978 ) .4 This is a nonparametric technique for estimating production or "best-practice" frontier such that, for a sample of DMUS, some units lie on the frontier while others lie below the frontier. Those lying on the frontier are considered efficient, while those below it are inefficient. The deviations from the frontier represent inefficiencies. A subset of efficient units (also called reference sets) form the basis for computing the performance as well as efficient output and input levels of the inefficient units.
Consider the situation with n libraries or decision making units (DMUS), each producing s different types of services (outputs) by using m different resources (inputs). The i-th library uses x~i units of the k-th resource in the production of yri units of the r-th library service. A separate LP problem is solved for each of the n libraries in the sample. Since the library has to provide maximum provision of services from fixed amounts of resources, the output-based DEA model is appropriate in assessing library performance in terms of technical efficiency, which can be obtained by solving the following LP problem:
Subject to: where @ is the proportional increase in outputs possible; Sr is the r-th output slack; e, is the k-th input slack; and hj is the weight or intensity variable used to derive all possible linear combinations of the sample observations. When the value of @i in equation (1) is 1, hi = 1, and hi = O forj # i, the i-th library lies on the frontier and is technically efficient, Furthermore, input and output slacks will always be zeros for the efficient libraries. For the inefficient libraries, @i > 1, ki = O, and +j # O for j # i, where j denotes the efficient libraries in the sample. Inefficient libraries may also have some positive output or/and input slacks. The outputbased technical efficiency index of the i-th library (TEi) can be computed as follows:
The projected or frontier production of the r-th service of the i-th library ($n) can be computed as follows: 
s library services
Equation (3) shows that the projected output consists of two components, one representing the proportional increase in all outputs (@iy,i) and the other accounting for the nonproportional increase or output slack (s,i). Besides estimating the maximum provision of services from fixed quantities of resources, the output-oriented DEA in equation (1) also estimates the input slacks (excess inputs) that need to be conserved for an inefficient library to be fully efficient. Mathematically, the projected amount of the k-th resource of the i-th library (fti) can be expressed as follows: The VRS frontier is more flexible and envelops the data in a tighter way than the CRS frontier. Under the VRS specification, dominance is weaker in the sense that a scale inefficient library may qualify as a 'best-practice' if it is technically efficient. Consequently, in general, a library will show a poorer performance under the CRS model than in the VRS model (i.e., TEv~~a TEC~~=~C~~z @vRJ. This relationship is often used to obtain a measure of scale efficiency (SE) as follows:5
(5)
5 In other words, this relationship is used to decompose "overall" technical efficiency to its "pure" technical and scale efficiency components.
where SE = 1 indicates scale efficiency and SE < 1 indicates output-based scale inefficiency. Scale inefficiency is due to the presence of either increasing (IRS) or decreasing returns to scale (DRS), which can be determined by solving a nonincreasing returns to scale (NIRS) DEA model which is obtained by substituting the VRS constraint~~=~hj = 1 with~~=~hj~1. Let &~Rs represent the proportional increase in all outputs under the NIRS DEA model. For scale inefficient observations, +c~s =~~~~s indicates inefficiently small scale or operation in the region of increasing returns to scale and $c~s > c$~I~s indicates inefficiently large scale or decreasing returns to scale (Ftire, Grosskopf, and Lovell 1994) .
Data and Variables
The data for this study came from a total of 47 public libraries in the State of Hawaii, excluding the main state public library and the LBPH. These output and input measures are annual totals for FY 1996/1997 and summarized in table 1. The library performance reflects the performance of both the library and the user. Because much library use is self-service, service outcomes critically depend on people's ability to use the library. Therefore, interpreting the library efficiency results requires a consideration of a number of contextual factors, including the library's resources, user's social, economic and demographic characteristics, and library's roles and objectives. Accordingly, total population of library's service area, size of collection, total floor area, type of operation (combined public and school libraries vs. others), and location (Oahu vs. Neighbor Islands) are related to estimated performance measures to examine their effects on library perforrnance.8
Results

"Overall" Technical Efficiency
The DEA models involved in assessing the performance of Hawaii's public libraries were solved using DEAP 2.1 (Coelli 1996) . The "overall" technical efficiency score (i.e., technical efficiency relative to the CRS DEA model) for each of the 47 Hawaii's public libraries are presented in table 2. Also presented in the table are the referenced efficient library sets for inefficient libraries as well as frequency with which a particular library appears in the efficient sets of other libraries. The estimated efficiency scores varied from 0.447 to 1.000, with a sample mean of 0.84. Of 47 libraries involved in the analysis, 14 were found to be efficient and 33 were inefficient. About one-fourth of libraries had an "overall" efficiency score of 0.70 or lower and nearly two-fifths of them had 0.90 or higher. Holualoa on Big Island (0.447), Kahttku PS on Oahtr (0.461), and Hana PS on Maui (0.472) were some of the least efficient public libraries in Hawaii.
A library which appears frequently in the efficient set of other libraries is regarded as a good example of "best-practice" or "well-rounded performer" (Chen 1997) . Among the 14 efficient libraries, Kailua on Oahu appeared most frequently in the efficient sets of inefficient libraries, followed by Mt. View public and school library (Mt. View PS), Bond and Thelma Parker PS from Big Island, and Manoa and Mililani on Oahu. These libraries which appeared more frequently in the efficient sets of other libraries are exemplary operations for inefficient libraries. Those that appear seldom in the efficient sets, such as Kanehoe and Salt Lake on Oahtt and Hilo on Big Island are not good examples for inefficient libraries although they are found to be efficient.
To examine the effects of various libraryspecific and community-specific factors on library performance, the 47 libraries were divided into different groups based on size of collection (3 groups: small, medium, and high), population served (3 groups: low, medium, and high), library floor area (3 groups: small, medium, and high), location (2 groups: Oahu vs. Neighbor Islands), and management style (2 groups: combined public and school vs. public). Among these factors, only size of collection showed a positive and significant (at the 0.10 level) effect on library performance. Floor area also had a moderate positive impact on library 24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 performance. This information can be useful in adding a new library.
"Pure" Technical and Scale Efficiencies
As mentioned above, 14 libraries were efficient and 33 libraries were inefficient in terms of "overall" technical efficiency. Table 3 shows the decomposition of "overall" technical efficiency to its "pure" technical and scale efficiency components and sources of inefficiencies among the 33 inefficient libraries. As indicated by a relatively higher measure of scale efficiency compared to "pure" technical efficiency, for almost all the inefficient libraries, the "overall" inefficiency is primarily due to technical inefficiency. Scale efficiency scores for inefficient libraries ranged from 0.447 to 0.999, with an average of 0.957, while "pure" technical efficiency varied from 0.474 to 1.000, with a mean of 0.805. Five libraries, namely Holualoa, Kailua- (IRS) . Holualoa showed the lowest scale efficiency (0.447), followed by Naalehu (0.882). Both of these libraries had the smallest collection (<7,000) and, as expected, showed increasing returns to scale. The rest of the libraries were doing quite well in terms of the scale of operation.
Output and Input Slacks
As mentioned earlier, incremental outputs of inefficient libraries come through two sources, namely proportional increase in all outputs and residual increase in some of the outputs after the maximum proportional increase is accomplished. This residual increase in output is also called the output slack, Under the output-oriented DEA model, inefficient libraries may have potential for increasing outputs while reducing their inputs, The amount of input that can be reduced is referred to as excess input or input slack. Because the efficiency is defined in terms of proportional increase in outputs, it is important to consider both input and output slacks in estimating potential output and input level for inefficient libraries. The summary of output and input slacks is presented in table 4.
For outputs, 9 libraries showed positive slacks on circulation and 13 libraries on both reader visits and reference transactions, indicating that the output increment for the majority of inefficient libraries come from the proportional increase in outputs. On average, these slacks respectively accounted for 16.7%, 26. 1%, and 45.8% of potential levels of circulation, reader visits, and reference transactions of these libraries. Information on output slacks can be useful for library managers in identifying important areas for the improvement. Among the inputs, the largest number of slacks was observed for collection (21), followed by operating expenses (19) , days open (13), and staff (7). These slacks respectively accounted for 18.6%, 31.5%, 31.9%, and 7.8% of existing collection, operating costs, days open, and library staff of the inefficient libraries involved. As shown by a small number of slacks for staff and their small magnitude relative to existing staffing, most libraries are doing quite well in using their personnel. Infortnation on excess collection can be useful for library managers in distributing new materials among the libraries as well as upgrading the collection quality by culling old materials. Because of the nature of library service, it would not be easy to deal with excess days open, except for limiting hours to critical times, such as evenings or weekends when patrons are more likely to visit the libraries. A sizable proportion of inefficient libraries showed potential for conserving operating expenses relative to their efficient counterparts. The library managers may use this information in allocating operating budgets among the libraries, but regardless of performance each library must be able to pay its utilities, which is the largest component of operating expenditures.
Conclusions
In light of an increasing need for better methods for assessing performance or resource utilization efficiency of public libraries in Hawaii, data envelopment analysis (DEA) model is proposed to estimate the perfomwmce of 47 library branches of Hawaii State Public Library System (HSPLS) in terms of their technical and scale efficiencies. A library production frontier is defined in terms of 3 outputs measures: circulation, reader visits, and reference transactions and 4 resource inputs: collection, staff, hours of operation, and nonpersonal operating expenditures. The estimated efficiencies are related to relevant library-specific and community-specific factors to examine their influence on library performance.
For FY 1996/97, the "overall" technical efficiency scores range from 0,447 to 1.000, with a sample average of 0.837. The results show that 14 libraries are efficient and there are substantial inefficiencies among the rest of the libraries, "Overall" inefficiency is primarily due to technical inefficiency rather than scale inefficiency. Among the various library-specific and community-specific variables considered, only the size of collection has a positive and significant effect on library performance.
The DEA results can be useful for both individual libraries as well as for the state library agency. The library may find this information valuable in comparing its performance with peer libraries and identifying areas where improvement is needed, while the state library agency may use these results in monitoring existing libraries, planning new libraries, and allocating scarce resources among the libraries. The DEA results may also serve as a valuable benchmarking tool to identify library's best practices for superior performance and, if done periodically, to assess the improvement in library's performance over time. However, caution is needed in both interpreting and using the DEA results for policy purposes for several reasons. First, since DEA is deterministic any deviation from the "best-practice" frontier is attributed to inefficiency, In other words, no account is made for measurement error and other stochastic noise in the data. Second, the results presented in this paper are based solely on quantitative aspects of library activity. Third, and perhaps most importantly, library performance is a complex function of several user's and community characteristics, which are beyond the library control. In view of these litnitations, we feel that the results are more appropriate for comparing the performance of individual libraries and identifying the areas of improvement among the inefficient libraries rather than using them as yardsticks for resource allocation unless various non-discretionary factors related to socioeconomic and demographic characteristics of the population served and an appropriate measure of users' satisfaction are formally included in the model, A similar study on the changes in performance of the sample libraries based on historical data may provide further insights on possible impacts of resource availability and policy changes on their performance.
